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(54) Power supply device 

(57) In a power supply device in which a switching 
means for controlling power supply to the input winding 
of a transformer is connected to a resonance capacitor 
connected to the input winding of the transformer so as 
to obtain a predetermined DC voltage at an output 
capacitor connected to the output winding of the trans- 
former in accordance with switching of the switching 
means, the device has a leakage transformer as the 
transformer, and a control means for controlling switch- 
ing of the switching means, and the control means is 



controlled by the output voltage from the second output 
winding of the transformer, has a means for producing 
resonance between the resonance capacitor and a 
leakage inductance between the input winding and first 
output winding of the leakage transformer upon switch- 
ing of the switching means, and delays the rise timing of 
the terminal voltage of the switching means using that 
means to reduce losses upon switching of the switching 
means. 



FIG. 1 
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Description 

BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates to a power supply 
device for a copying machine, LBP, BJ printer, and FAX 
and, more particularly, to a voltage resonance power 
supply device. 

Related Background Art 

A conventional voltage resonance power supply 
has been proposed by Japanese Laid-Open Patent 
Application No. 5-130776. Fig. 14 shows the circuit 
arrangement of this power supply, and Figs. 1 5A to 1 5D 
show the operation waveform of a transistor 3 in Fig. 14 
and the waveform of an electrical current supplied to a 
diode 8 on the secondary side. 

In Fig. 14, the power supply device comprises an 
input power supply 1 , a resonance capacitor 2, a tran- 
sistor 3, a transformer 4 having primary and secondary 
windings 5 and 6, a gate drive winding 7 for the transis- 
tor 3, a diode 8, an output capacitor 9 for the trans- 
former 4, an activation resistor 10, an ON width 
determination circuit 11, a feedback circuit 12, a gate- 
direction electrical current switching circuit 13, and a 
capacitor 17. 

Fig. 15A shows the waveform of a drain voltage Vds 
of the transistor 3, Fig. 15B shows the waveform of a 
drain electrical current Id of the transistor 3, Fig. 15C 
shows the waveform of an electrical current 12 which 
flows In the rectification diode 8 on the secondary side, 
and Fig. 15D shows the drawn voltage Vds and drain 
electrical current Id of the transistor 3 upon switching 
the transistor 3 from ON to OFF, while being enlarged 
along the time axis. 

The circuit shown in Fig. 1 4 corresponds to a self- 
excited switching flyback converter, and operates basi- 
cally in the same way as a so-called RCC. More specif- 
ically, the activation resistor 10 temporarily turns on the 
transistor 3 to activate the circuit. When the transistor 3 
is ON, an input voltage is applied to the primary winding 
5 of the transformer 4, and a proportional voltage is 
induced in the drive winding 7. That voltage is input to 
the gate-direction electrical current switching circuit 13, 
the F terminal of which detects zero drain potential of 
the transistor 3. Then, the circuit 13 is turned on from its 
H terminal to G terminal to maintain the transistor 3 ON 
via the capacitor 1 7. At this time, the drain electrical cur- 
rent Id linearly increases, as shown in Fig. 15B. 

The feedback circuit 12 sends a signal to the ON 
width determination circuit 11 in accordance with the 
output voltage. The circuit 1 1 determines the ON width 
and turns off the transistor 3. When the transistor 3 is 
turned off, the drain voltage of the transistor 3 immedi- 
ately rises due to energy built up on the capacitor owing 



to the voltage resonance effect of the resonance capac- 
itor 2 and primary winding 5, and magnetic energy sup- 
plied by the primary winding, and the diode 8 on the 
secondary side is enabled eventually, thus maintaining 

5 the drain voltage below a predetermined value. As the 
secondary electrical current, a triangular wave electrical 
current flows, as shown in Fig. 15C, and excitation 
energy is radiated toward the secondary side. After the 
energy radiation, the drain voltage starts a resonance 

w damped oscillation by the energy built up on the capac- 
itor, and falls relatively slowly. The drain voltage 
becomes zero eventually. When the drain voltage has 
become zero, the gate direction electrical current 
switching circuit 13 repeats the above-mentioned oper- 

75 ations. 

However, in the above prior art, when the drain volt- 
age of the transistor 3 becomes zero by its resonance 
damped oscillation, the transistor 3 is turned on to ena- 
ble zero voltage switching, thereby reducing switching 

20 losses. However, as shown in Fig. 15D, when the tran- 
sistor 3 is turned off, the drain voltage changes abruptly, 
resulting in an increase in switching losses due to 
superposition of the drain voltage and electrical current, 
and in increased noise. As shown in Fig. 15C, a triangu- 

25 lar wave electrical current flows in the rectification diode 
on the secondary side, and switching losses and noise 
are produced in the rectification diode due to abrupt 
changes in electrical current. 

30 SUMMARY OF THE INVENTION 

It is an object of the present invention to provide a 
power supply device which can remove the above-men- 
tioned drawbacks, and can reduce losses in a transistor 
35 and rectification diode on the secondary side upon 
switching. 

It is another object of the present invention to pro- 
vide a voltage resonance power supply which requires 
neither a voltage detection circuit for switching means 
40 nor gate-direction electrical current switching circuit. 

Other objects of the present invention will become 
apparent from the following detailed description of the 
embodiments. 

45 BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a circuit diagram of a power supply device 
according to the first embodiment of the present 
invention; 

so Fig. 2 is a waveform chart of principal part of the 
power supply device shown in Fig. 1 ; 
Fig. 3 is a circuit diagram showing the first modifica- 
tion of the power supply device according to the first 
embodiment of the present invention shown in Fig. 

55 1; 

Fig. 4 is a circuit diagram showing the second mod- 
ification of the power supply device according to the 
first embodiment of the present invention shown in 
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Fig. 1; 

Fig. 5 is a circuit diagram showing the third modifi- 
cation of the power supply device according to the 
first embodiment of the present invention shown in 
Fig. 1; 

Fig. 6 is a circuit diagram of a power supply device 
according to the second embodiment of the present 
invention; 

Fig. 7 is a waveform chart of principal part of the 

power supply device shown in Fig. 6; 

Fig. 8 is a circuit diagram showing a modification of 

the power supply device according to the second 

embodiment of the present invention shown in Fig. 

6; 

Fig. 9 is a circuit diagram of a power supply device 
according to the third embodiment of the present 
invention; 

Fig. 10 is a waveform chart of principal part of the 
power supply device shown in Fig. 9; 
Fig. 1 1 is a circuit diagram showing the first modifi- 
cation of the power supply device according to the 
third embodiment of the present invention shown in 
Fig. 9; 

Fig. 12 is a circuit diagram showing the second 
modification of the power supply device according 
to the third embodiment of the present invention 
shown in Fig. 9; 

Fig. 1 3 is a circuit diagram showing the third modifi- 
cation of the power supply device according to the 
third embodiment of the present invention shown in 
Fig. 9; 

Fig. 14 is a circuit diagram of a conventional power 
supply device; and 

Figs. 15A, 15B, 15C, and 15D are waveform charts 
of switching means of the conventional power sup- 
ply device shown in Fig. 14. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

The preferred embodiments of the present inven- 
tion will be described hereinafter with reference to the 
accompanying drawings. The first embodiment of the 
present invention will be explained first. 

Fig. 1 is a circuit diagram of a power supply device 
according to the first embodiment of the present inven- 
tion, and Fig. 2 shows the waveforms of respective 
units. In Fig. 1, the power supply device comprises a 
commercial power supply 1 . a leakage transformer T1 , 
a switching element Q1 comprising, e.g., a FET, transis- 
tors 02 and 03, diodes D1, D2, D3, D4, D5, D6, and 
D7, a shunt regulator IC1, a photocoupler PC1, electro- 
lytic capacitors C1 and C2, capacitors C3, C6, C7, and 
C8, and resistors R1, R2, R3, R4, R9, R10, R11, and 
R12. 

Let 11 and 12 be the electrical currents that flow in 
the windings of the transformer T1 in correspondence 
with voltages V1 and V2, L1 and L2 be the self-induct- 



ances of the windings, M be the mutual inductance of 
the two windings, and N be the turn ratio. Also, the cou- 
pling coefficient is given by K = M/V(L1 • L2) . 

The operation of the above-mentioned power sup- 

5 ply circuit will be explained below. The power supply cir- 
cuit is designed as a self-excited oscillation circuit, and 
repeats a series of states. Hence, an explanation will be 
given along with states a to e shown in Fig. 2, starting 
from state a, in which the switching operation is acti- 

io vated. An AC voltage of the commercial power supply 1 
is rectified by the diodes D1, D2, D3, and D4, and is 
smoothed by the electrolytic capacitor C1, thus obtain- 
ing a DC voltage across the two terminals of the capac- 
itor C1. When the DC voltage has been produced 

15 across the two terminals of the electrolytic capacitor C1 , 
an electrical current flows in the resistor R3, and as a 
result, the switching element 01 is turned on. Then, the 
primary side of the transformer T1 is driven, and outputs 
are produced in the two windings of the transformer T1 , 

20 thus activating first switching operation. 

Assuming that the voltage across the two terminals 
of the electrolytic capacitor C1 is Vin (positive) when the 
switching element Q1 is ON and the diode D5 is OFF, 
the voltage V1 becomes about -Vin, and the output voK- 

25 age V2 becomes approximately -K/N*Vin. Hence, the 
electrical current 11 increases at a rate of about Vin/L1 
per unit time. The electrical current 12 is zero. 

A voltage V3 is positive, and turns on the switching 
element Q1 via the capacitor C3 and resistor R2. How- 

30 ever, when the voltage V3 (positive) charges the capac- 
itor C8 via the resistor R9, and a voltage V4 has 
reached Vbe (base potential) of the transistor 03, the 
transistor 03 is turned on to turn off the switching ele- 
ment Q1 . The above-mentioned state is state a in Fig. 2. 

35 When the switching element Q1 is OFF, the voltage 
V1 rises since the capacitance the capacitor C6 reso- 
nates with the inductance L1. Also, the voltage V2 rises 
in the same resonance state as the voltage V1, and the 
diode D5 is turned on eventually. The electrical current 

40 11 flows as a resonance electrical current, and the cur- 
rent 12 is maintained zero. The above-mentioned state 
is state bin Fig. 2. 

When the diode D5 is ON, the voltage V2 becomes 
nearly equal to a voltage Vo across the two terminals of 

45 the capacitor C2. The voltage V1 rises and falls eventu- 
ally since the capacitance of the capacitor C6 resonates 
with a leakage inductance component L1 • (1 - K 2 ) , 
and becomes a voltage -Vin, thus enabling the diode 
D7. Both the electrical currents 11 and 12 flow as reso- 

so nance electrical currents. The above-mentioned state is 
state c in Fig. 2. 

When the rectification diode on the secondary side 
is OFF, the inductance seen from the primary side is the 
self-inductance L1 ; when the rectification diode on the 

55 secondary side is OFF, the inductance seen from the 
primary side is the leakage inductance component L1(1 
- K 2 ). For example, when a loosely coupled transformer 
having a coupling coefficient K = 0.84 is used, this 
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results in the use of a transformer having a relatively 
large leakage inductance component of about 0.3L1 . As 
a consequence, the voltage V1 in Fig. 2 has a voltage 
waveform that rises and falls slowly. 

When the diode D7 is enabled and the voltage V1 
has reached a voltage -Vin, the voltage V2 becomes 
roughly equal to the voltage Vo. The electrical current 11 
increases at a rate of about 
(Vin + K • N • Vo)/(L1 • (1 - K 2 )) per unit time, and the 
electrical current value becomes positive eventually, 
thus turning off the diode D7. On the other hand, the 
electrical current 12 decreases at a rate of about 
N • (K • Vin + N • Vo)/(L1 • (1 - K 2 )) per unit time. The 
above-mentioned state is state d in Fig. 2. 

When the diode D7 is OFF and the switching ele- 
ment Q1 is ON, the voltage V1 is -Vin, and the voltage 
V2 becomes roughly equal to the voltage Vo. The elec- 
trical current 11 increases at a rate of about 
(Vin + K • N • Vo)/(L1 • (1 - K 2 )) per unit time. On the 
other hand, the electrical current 12 decreases at a rate 
of about (K • Vin + N • Vo)/(L1 • (1 - K 2 )) per unit time. 
The above-mentioned state is state e in Fig. 2. 

The state of the switching element Q1 from state a 
to state e will be described below. In state a, the switch- 
ing element Q1 is ON, as described above. The transis- 
tor Q3 is turned on to turn off the switching element Q1 , 
shifting to state b. 

In states b and c, the voltage V3 drops to a value 
that can maintain the switching element Q1 OFF. After 
that, the voltage V3 drops below a voltage equal to or 
lower than Vbe of the transistor Q3 to discharge the 
capacitor C8 via the resistor R9. As a result, the voltage 
V3 turns off the transistor 03 and maintains the switch- 
ing element Q1 OFF. 

Subsequently, the voltage V3 rises due to reso- 
nance, and charges the capacitor C7 via the capacitor 
C3 and resistor R2. However, by selecting an appropri- 
ate capacitance for the capacitor C7, the switching ele- 
ment Q1 is maintained OFF. 

In state d, the capacitor C7 is selected to have an 
appropriate capacitance, so that the voltage of the 
capacitor C3 further rises to switch the switching ele- 
ment Q1 to ON (note that the capacitance of the capac- 
itor C7 is also selected to have a value that maintains 
the switching element Q1 OFF in states b and c, as 
described above). 

Putting it in other words, i.e., when the function of 
the capacitor C7 is examined in terms of the relationship 
between the voltages V3 and V5 (for example, the gate- 
source voltage when the switching element Q1 com- 
prises a FET as in the illustrated embodiment), the 
capacitor 07 forms a phase delay circuit together with 
the resistor R2. Hence, the phase of the voltage V5 (its 
waveform is not shown) is delayed from that of the volt- 
age V3. As a result, the voltage V3 becomes zero in 
state c (resonance state), while the voltage V5 becomes 
zero in state d (non-resonance state) (of course, the 
capacitance of the capacitor C7 is selected in advance 



to set the voltage V5 zero in the non-resonance state). 
More specifically, when the reverse bias applied across 
the gate and source of the switching element Q1 com- 
prising the FET disappears, and the voltage V5 as the 

5 ON condition for the FET has become zero, the switch- 
ing element Q1 is turned on. In state e, the switching 
element Q1 is maintained ON. 

As described above, by repeating from states a to 
e, energy is saved in the transformer T1 in the ON state 

10 of the switching element Q1, and is radiated therefrom 
in the OFF state of the switching element Q1, thus 
obtaining the output at the secondary side. The switch- 
ing element 01 is turned on in state d and turned off 
upon switching from state a to state b, i.e., the switching 

is element Q1 is switched at the time of a voltage = 0 V (it 
is switched from OFF to ON in the non- resonance 
state), thus providing a voltage resonance power supply 
free from any switching losses. In state b, appropriate 
resonance between the capacitance of the capacitor C6 

20 and leakage inductance component L1 • (1 - K 2 ) can 
be obtained using a loosely coupled transformer. Also, 
in state c. appropriate resonance between the capaci- 
tance of the capacitor C6 and leakage inductance com- 
ponent L1 • (1 - K 2 ) can be obtained using a loosely 

25 coupled transformer. 

The method of controlling the output voltage Vo 
across the two terminals of the load R1 to be constant 
will be explained below. As an arrangement for voltage 
control, the circuit comprises a voltage divider formed 

30 by the resistors R10 and R1 1, the shunt regulator IC1 
for detecting a voltage divided by the voltage divider, 
and generating the voltage according to the detected 
voltage, the photocoupler PC1 for changing the amount 
of light to be emitted by its light-emitting element 

35 according to the voltage generated by the shunt regula- 
tor IC1, thereby changing the amount of light to be 
received by its light-receiving element, and a means 
(transistor 03, capacitor C8, and the like) for controlling 
the ON-to-OFF switching timing of the switching ele- 

40 ment Q1 in accordance with the electrical current value 
changed by the photocoupler PC1 . 

The DC output voltage Vo is voltage-divided by the 
resistors R10 and R11, and is detected by the shunt 
regulator IC1. When the output voltage Vo is high, the 

45 light-emitting element of the photocoupler PC1 emits a 
larger amount of light, and its light-receiving element 
receives a larger amount of light, thus increasing the 
electrical current that flows in the photocoupler PC1 . As 
a result, the capacitor C8 is charged quicker, the switch- 
so ing element Q1 is turned off earlier, and energy to be 
saved in the transformer T1 is reduced, thus lowering 
the output voltage Vo. 

When the output voltage Vo is low, the light-emitting 
element of the photocoupler PC1 emits a smaller 

55 amount of light, and its light-receiving element receives 
a smaller amount of light thus decreasing the electrical 
current that flows in the photocoupler PC1 . As a conse- 
quence, the capacitor C8 is charged slower, the switch- 
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ing element Q1 is turned off later, and energy to be 
saved in the transformer T1 increases, thus making the 
output voltage Vo higher. Hence, the detection voltage 
of the shunt regulator IC1 becomes constant, i.e., the 
output voltage Vo becomes constant. 

Overcurrent protection will be explained below. As 
an arrangement for overcurrent protection, the circuit 
comprises the transistor Q2 and the resistor R4 con- 
nected between the base and emitter of the transistor 
02. 

As the load R1 becomes smaller, the electrical cur- 
rent on the primary side of the transformer T1 
increases, i.e., the electrical current supplied to the 
resistor R4 increases. When the voltage produced 
across the two terminals of the resistor R4 has 
exceeded Vbe of the transistor Q2, it turns on the tran- 
sistor Q2 and turns off the switching element Q1. That 
is, the peak electrical current on the primary side of the 
transformer T1 is limited to a given value. 

The first embodiment can provide a voltage reso- 
nance power supply, which requires neither a detection 
circuit that detects zero drain voltage nor a gate-direc- 
tion electrical current switching circuit that controls the 
gate, and switches at zero voltage (switches from OFF 
to ON in the non-resonance state). No extra inductors 
are used, and the transformer can have a loosely cou- 
pled structure, i.e., an inexpensive, split-winding trans- 
former with a simple structure, can be used. 

Fig. 3 shows the first modification of the power sup- 
ply device shown in Fig. 1 according to the first embod- 
iment of the present invention. 

The power supply device shown in Fig. 3 comprises 
a commercial power supply 1, a leakage transformer 
T1, a switching element Q1 comprising, e.g., a FET, a 
transistor 02, diodes D1, D2, D3, D4, D5, D6, D7, and 
D8, a shunt regulator IC1, a photocoupler PC1, electro- 
lytic capacitors C1 , C2, and C9, capacitors C3, C6, and 
C7, and resistors R1, R2, R3, R4, R10, R11, and R12. 

Since the difference from the first embodiment lies 
in the arrangement for controlling the output voltage and 
that for overcurrent protection (I.e., the first modification 
employs an arrangement using a single common tran- 
sistor 02 in place of the arrangement for using the tran- 
sistor 03 for controlling the ON-OFF timing of the 
switching means and the arrangement using the transis- 
tor 02 for overcurrent protection in the first embodi- 
ment), only the operation based on such arrangement 
will be explained below. 

The method of controlling the output voltage Vo 
across the two terminals of the load R1 to be constant 
will be explained below. The DC output voltage Vo is 
voltage-divided by the resistors R10 and R11, and is 
detected by the shunt regulator !C1. When the output 
voltage Vo is high, the light-emitting element of the pho- 
tocoupler PC1 emits a larger amount of light, and its 
light-receiving element receives a larger amount of light, 
thus increasing the electrical current that flows in the 
photocoupler PC1. As a result, a larger amount of elec- 
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trical current is supplied to the resistor R5 to form a 
larger potential difference across the two terminals of 
the resistor R5, and the voltage produced across the 
two terminals of the resistors R4 and R5 exceeds Vbe of 

5 the transistor Q2 earlier, so as to turn on the transistor 
Q2 earlier, turn off the switching element Q1 earlier, and 
reduce energy to be saved in the transformer T1, thus 
lowering the output voltage Vo. 

When the output voltage Vo is low, the light-emitting 

w element of the photocoupler PC1 emits a smaller 
amount of light, and its light-receiving element receives 
a smaller amount of light, thus decreasing the electrical 
current that flows in the photocoupler PC1. Conse- 
quently, a smaller amount of electrical current is sup- 

15 plied to the resistor R5 to form a small potential 
difference across the two terminals of the resistor R5, 
and the voltage produced across the two terminals of 
the resistors R4 and R5 exceeds Vbe of the transistor 
Q2 later, so as to turn on the transistor Q2 later, turn off 

20 the switching element Q1 later, and increase energy to 
be saved in the transformer T1 , thus making the output 
voltage Vo higher. Therefore, the detection voltage of 
the shunt regulator IC1 becomes constant, i.e., the out- 
put voltage Vo becomes constant. 

25 Overcurrent protection will be explained below. As 
the load R1 becomes smaller, the electrical current on 
the primary side of the transformer T1 increases, the 
output voltage Vo drops, the light-emitting element of 
the photocoupler PC1 ceases to emit light, and its light- 

30 receiving element ceases to receive light, thus stopping 
flow of the electrical current. As a result, no electrical 
current is supplied to the resistor R5 to form zero poten- 
tial difference across the two terminals of the resistor 
R5, and the voltage produced across the two terminals 

35 of the resistor R4 exceeds Vbe of the transistor 02 to 
turn on the transistor 02 and turn off the switching ele- 
ment Q1. At this time, the energy to be saved in the 
transformer T1 is maximized to provide overcurrent pro- 
tection. As the resistor R1 decreases, the output voltage 

40 Vo lowers. More specifically, the output voltage can be 
controlled to a predetermined voltage without requiring 
the transistor 03 and capacitor C8 that form a portion of 
the self-excited oscillation circuit of the first embodi- 
ment. Also, overcurrent protection can be achieved at 

45 the same time. 

Fig. 4 shows the second modification of the power 
supply device shown in Fig. 1 according to the first 
embodiment of the present invention. 

The power supply device shown in Fig. 4 comprises 

so a commercial power supply 1, a leakage transformer 
T1, a switching element Q1 comprising, e.g., a FET, 
transistors 02 and 03, diodes D1, D2, D3. D4, D5. D6, 
and D7, a shunt regulator IC1, a photocoupler PC1. 
electrolytic capacitors C1 and C2, capacitors C3, C6, 

55 and C8, and resistors R1, R2, R3, R4, R9, R10, R11, 
and R12. 

Since the difference from the first embodiment lies 
in the circuit arrangement for driving the switching ele- 
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ment (in the second modification, a control winding 
(second output winding) for generating the voltage V3 is 
set to be appropriately coupled to both the input and 
output windings, so that the voltage V3 has nearly a 
synthesized waveform of the outputs from these wind- 
ings, in place of the phase delay means constituted by 
the resistor R2 and capacitor C7 in the first embodi- 
ment), only the operation based on the different circuit 
arrangement will be explained below. 

More specifically, the state of the switching element 
in states a to e will be described below. In state a, the 
switching element Q1 is ON, as described above. The 
transistor Q3 is turned on to turn off the switching ele- 
ment Q1. shifting to state b. in states b and c, the volt- 
age V3 drops to a value that can maintain the switching 
element Q1 OFF. After that, the voltage V3 drops below 
a voltage equal to or lower than Vbe of the transistor Q3 
to discharge the capacitor C8 via the resistor R9. As a 
result, the voltage V3 turns off the transistor 03 and 
maintains the switching element Q1 OFF. The voltage 
V3 then rises due to resonance, and maintains the 
switching element Q1 OFF via the capacitor C3 and 
resistor R2. 

In state d, the winding for V3 is set to be appropri- 
ately coupled between the windings for V1 and V2, so 
that the voltage of the capacitor C3 further rises to 
switch the switching element Q1 to ON at a timing 
between the voltage waveforms V1 and V2. 

In state e, the switching element Q1 is maintained 

ON. 

As described above, by repeating from states a to 
e, energy is saved in the transformer T1 in the ON state 
of the switching element Q1, and is radiated therefrom 
in the OFF state of the switching element Q1, thus 
obtaining an output at the secondary side. That is, a 
voltage resonance power supply which can control drive 
of the gate more stably and can attain zero voltage 
switching (can switch the switching means from OFF to 
ON in the non-resonance state) without requiring a 
capacitor can be provided. 

Fig. 5 shows the third modification of the power 
supply device shown in Fig. 1 according to the first 
embodiment of the present invention. 

The power supply device shown in Fig. 5 comprises 
a commercial power supply 1, a leakage transformer 
T1, a switching element Q1 comprising, e.g., a FET, a 
transistor 02, diodes D1 , D2, D3, D4, D5, D6, D7, and 
D8, a shunt regulator IC1, a photocoupler PC1, electro- 
lytic capacitors C1 and C2, capacitors C3 and C6. and 
resistors R1, R2, R3, R4, R10, and R12. 

Since the difference from the second modification 
lies in the arrangement for controlling the output voltage 
and that for overcurrent protection (that is, the third 
modification employs an arrangement using a single 
common transistor 02 in place of the arrangement for 
using the transistor Q3 for controlling the ON-OFF tim- 
ing of the switching means and the arrangement using 
the transistor 02 for overcurrent protection in the sec- 



ond modification), only the operation based on such 
arrangement will be explained below. 

The method of controlling the output voltage Vo 
across the two terminals of the load R1 to be constant 

5 will be explained below. The DC output voltage Vo is 
voltage-divided by the resistors R10 and R11, and is 
detected by the shunt regulator IC1. When the output 
voltage Vo is high, the light-emitting element of the pho- 
tocoupler PC1 emits a larger amount of light, and its 

10 light-receiving element receives a larger amount of light, 
thus increasing the electrical current that flows in the 
photocoupler PC1 . As a consequence, a larger amount 
of electrical current is supplied to the resistor R5 to form 
a larger potential difference across the two terminals of 

75 the resistor R5, and the voltage produced across the 
two terminals of the resistors R4 and R5 exceeds Vbe of 
the transistor Q2 earlier, so as to turn on the transistor 
Q2 earlier, turn off the switching element Ql earlier, and 
reduce energy to be saved in the transformer T1, thus 

20 lowering the output voltage Vo. 

When the output voltage Vo is low, the light-emitting 
element of the photocoupler PC1 emits a smaller 
amount of light, and its light-receiving element receives 
a smaller amount of light, thus decreasing the electrical 

25 current that flows in the photocoupler PC1. Hence, a 
smaller amount of electrical current is supplied to the 
resistor R5 to form a small potential difference across 
the two terminals of the resistor R5, and the voltage pro- 
duced across the two terminals of the resistors R4 and 

30 R5 exceeds Vbe of the transistor 02 later, so as to turn 
on the transistor Q2 later, turn off the switching element 
01 later, and increase energy to be saved in the trans- 
former T1, thus making the output voltage Vo higher. 
Therefore, the detection voltage of the shunt regulator 

35 IC1 becomes constant, i.e., the output voltage Vo 
becomes constant. 

Overcurrent protection will be explained below. As 
the load R1 becomes smaller, the electrical current on 
the primary side of the transformer T1 increases, the 

40 output voltage Vo drops, the light-emitting element of 
the photocoupler PC1 ceases to emit light, and its light- 
receiving element ceases to receive light, thus stopping 
flow of the electrical current. As a result, no electrical 
current is supplied to the resistor R5 to form zero poten- 

45 tial difference across the two terminals of the resistor 
R5, and the voltage produced across the two terminals 
of the resistor R4 exceeds Vbe of the transistor Q2 to 
turn on the transistor 02, and turn off the switching ele- 
ment Q1 . At this time, the energy to be saved in the 

so transformer T1 is maximized to provide overcurrent pro- 
tection. As the resistor R1 decreases, the output voltage 
Vo lowers. More specifically, the output voltage can be 
controlled to a predetermined voltage without requiring 
the transistor Q3 and capacitor C8 that form a portion of 

55 the self-excited oscillation circuit of the second modifi- 
cation. Also, overcurrent protection can be achieved at 
the same time. 

The second embodiment of the present invention 
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will be described below. 

The first embodiment described above has exem- 
plified the flyback system that transfers energy when the 
switching means is OFF The second embodiment will 
exemplify a forward system which transfers energy 
when the switching means is ON. 

Fig. 6 shows a power supply device according to 
the second embodiment of the present invention, and 
Fig. 7 shows the waveforms of the respective units. In 
Fig. 6, the power supply device comprises a commercial 
power supply 1, a leakage transformer T1, a switching 
element Q1 comprising, e.g., a FET, transistors Q2 and 
Q3, diodes D1, D2, D3, D4, D5, D6, and D7, a shunt 
regulator IC1, a photocoupler PC1, electrolytic capaci- 
tors C1, C2, and C9, capacitors C3, C6, C7, and C8, 
and resistors R1, R2, R3, R4, R9, R10, R11, and R12. 

Let 11 and 12 be the electrical currents that flow in 
the windings of the transformer T1 in correspondence 
with voltages V1 and V2, L1 and L2 be the self-induct- 
ances of the windings, M be the mutual inductance of 
the two windings, and N be the turn ratio. Also, the cou- 
pling coefficient is given by K = M/V(L1 • L2) . 

The operation of the above-mentioned power sup- 
ply circuit will be explained below. The power supply cir- 
cuit is designed as a self-excited oscillation circuit, and 
repeats a series of states. Hence, an explanation will be 
given along with states a to e shown in Fig. 7, starting 
from state a, in which the switching operation is acti- 
vated. A voltage of the commercial power supply 1 is 
rectified by the diodes D1, D2, D3. and D4, and is 
smoothed by the electrolytic capacitor C1, thus obtain- 
ing a DC voltage across the two terminals of the capac- 
itor CI. 

After the DC voltage is obtained across the two ter- 
minals of the capacitor C1, an electrical current flows in 
the resistor R3 to turn on the switching element Q1, to 
drive the primary side of the transformer T1 , and to 
obtain outputs at the two windings of the transformer 
T1 , thus activating first switching operation. 

Assuming that the voltage across the two terminals 
of the electrolytic capacitor C1 is Vin (positive) when the 
switching element Q1 is ON and the diode D5 is OFF, 
the voltage V1 becomes about -Vin, and the output volt- 
age V2 becomes approximately equal to a voltage Vo 
across the two terminals of the capacitor C2. Hence, the 
electrical current 11 increases at a rate of about 
(Vin - K • N • Vo)/(L1 • (1 - K 2 )) per unit time. Also, the 
electrical current 12 increases at a rate of about 
(K • Vin - N • Vo)/(L1 • (1 - K 2 )) per unit time. 

A voltage V3 is positive, and turns on the switching 
element Q1 via the capacitor C3 and resistor R2. How- 
ever, when the voltage V3 (positive) charges the capac- 
itor C8 via the resistor R9, and a voltage V4 has 
reached Vbe (base potential) of the transistor Q3, the 
transistor 03 is turned on to turn off the switching ele- 
ment Q1 . The above-mentioned state is state a in Fig. 7. 

When the switching element Q1 is OFF, the voltage 
V1 rises since the capacitance of the capacitor C6 res- 



onates with a leakage inductance component 
L1 • (1 - K 2 ) . The voltage V2 is Vo. The electrical cur- 
rents 11 and 12 flow as resonance electrical currents, 
and the electrical current 12 becomes zero eventually to 

5 turn off the diode D5. The above-mentioned state is 
state b in Fig. 7. 

When the diode D5 is OFF, the capacitor C6 reso- 
nates with the inductance L1, and the voltage V2 rises 
to a voltage Vo before long, thus enabling the diode D5. 

w The voltage V1 becomes the same resonance state as 
V2. The electrical current 11 flows as a resonance elec- 
trical current, and the electrical current 12 is zero. The 
above-mentioned state is state c in Fig. 7. 

The diode D5 is enabled, the voltage V2 becomes 

is nearly equal to the voltage Vo, and the voltage V1 
becomes equal to a voltage -Vin eventually as a result 
of resonance between the capacitance of the capacitor 
C6 and leakage inductance component L1 • (1 - K 2 ) . 
Both the electrical currents 11 and 12 resonate. The 

20 above-mentioned state is state d in Fig. 7. 

When the rectification diode on the secondary side 
is OFF, the inductance seen from the primary side is the 
self-inductance L1 ; when the rectification diode on the 
secondary side is OFF, the inductance seen from the 

25 primary side is the leakage inductance component L1 (1 
- K 2 ). For example, when a loosely coupled transformer 
having a coupling coefficient K = 0.84 is used, this 
results in the use of a transformer having a relatively 
large leakage inductance component of about 0.3L1 . As 

30 a consequence, the voltage V1 in Fig. 7 has a voltage 
waveform that rises and falls slowly. 

When the diodes D7 and D5 are ON, the voltage V1 
is -Vin, the voltage V2 is approximately equal to the volt- 
age Vo, and the electrical current 11 increases at a rate 

35 of about (Vin - K • N • Vo)/(L1 • (1 - K 2 )) per unit time. 
The current value becomes positive before along, and 
the diode D7 is turned off. The electrical current 12 
increases at a rate of about 
(K • Vin - N • Vo)/(L1 • (1 - K 2 )) per unit time. The 

40 above-mentioned state is state e in Fig. 7. 

The state of the switching element Q1 from state a 
to state e will be described below. In state a, the switch- 
ing element Q1 is ON, as described above. The transis- 
tor 03 is turned on to turn off the switching element Q1 . 

45 entering state b. 

In states b, c, and d, the voltage V3 drops to a value 
that maintains the switching element Q1 OFF, and then 
drops below a voltage equal to or lower than Vbe of the 
switching element Q3 to discharge the capacitor C8 via 

so the resistor R9, thus turning off the transistor 03 and 
maintaining the switching element Q1 OFF 

Then, the voltage V3 rises due to resonance, and 
charges the capacitor C7 via the capacitor C3 and resis- 
tor R2. However, by selecting the capacitor C7 to have 

55 an appropriate value, the switching element Q1 is main- 
tained OFF 

In state e (non-resonance state), the capacitance of 
the capacitor C7 is selected to have an appropriate 
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value, so that the voltage of the capacitor C7 further 
rises to switch the switching element Q1 to ON (note 
that the capacitance of the capacitor C7 is also selected 
to have a value that maintains the switching element Q1 
OFF in states b t c, and d, as described above). 5 

Putting this in other words, i.e., when the function of 
the capacitor C7 is examined in terms of the relationship 
between the voltages V3 and V5 (for example, the gate- 
source voltage when the switching element Q1 com- 
prises a FET as in the illustrated embodiment), the 
capacitor C7 forms a phase delay circuit together with 
the resistor R2. Hence, the phase of the voltage V5 (its 
waveform is not shown) is delayed from that of the volt- 
age V3. As a result, the voltage V3 becomes zero in 
states b, c, and d (resonance states), while the voltage 
V5 becomes zero in state e (non-resonance state) (of 
course, the capacitance of the capacitor C7 is selected 
in advance to set the voltage V5 zero in the non-reso- 
nance state). More specifically, when the reverse bias 
applied across the gate and source of the switching ele- 
ment Q1 comprising the FET disappears, and the volt- 
age V5 as the ON condition for the FET has become 
zero, the switching element Q1 is turned on. In state e, 
the switching element Q1 is maintained ON. 

As described above, by repeating from states a to 
e, the transformer T1 saves energy and supplies it to the 
secondary side in the ON state of the switching element 
Q1 , and can resonate in the OFF state of the switching 
element Q1. 

The switching element Q1 is turned on in state e, 
and is turned off upon switching from state a to state b. 
More specifically, the switching element Q1 is switched 
at a voltage of 0 V (i.e., is switched from OFF to ON in 
the non-resonance state), thus realizing a voltage reso- 
nance power supply free from any switching losses. 

In states b and d, appropriate resonance between 
the capacitance of the capacitor C6 and the leakage 
inductance component L1 • (1 - K 2 ) can be obtained 
using a loosely coupled transformer. In state c, appro- 
priate resonance between the capacitance of the 
capacitor C6 and inductance L1 can be attained using a 
loosely coupled transformer. 

The method of controlling the output voltage Vo 
across the two terminals of the load R1 to be constant 
will be explained below. As an arrangement for voltage 
control, the circuit comprises a voltage divider formed 
by the resistors R10 and R11, the shunt regulator IC1 
for detecting the voltage divided by the voltage divider, 
and generating a voltage according to the detected volt- 
age, the photocoupler PC1 for changing the amount of 
light to be emitted by its light-emitting element accord- 
ing to the voltage generated by the shunt regulator IC1 , 
thereby changing the amount of light to be received by 
its light-receiving element, and a means (transistor Q3, 
capacitor C8, and the like) for controlling the ON-to-OFF 
switching timing of the switching element Q1 in accord- 
ance with the electrical current value changed by the 
photocoupler PC1. 



The DC output voltage Vo is voltage-divided by the 
resistors R10 and R11, and is detected by the shunt 
regulator IC1. When the output voltage Vo is high, the 
light-emitting element of the photocoupler PC1 emits a 
larger amount of light, and its light-receiving element 
receives a larger amount of light, thus increasing the 
electrical current that flows in the photocoupler PC1. 
Thus, the capacitor C8 is charged quicker, the switching 
element Q1 is turned off earlier, and energy to be saved 
in the transformer T1 is reduced, thus lowering the out- 
put voltage Vo. When the output voltage Vo is low, the 
light-emitting element of the photocoupler PC1 emits a 
smaller amount of light, and its light-receiving element 
receives a smaller amount of light, thus decreasing the 
electrical current that flows in the photocoupler PC1 . As 
a result, the capacitor C8 is charged slower, the switch- 
ing element Q1 is turned off later, and energy to be 
saved in the transformer T1 increases, thus making the 
output voltage Vo higher. Hence, the detection voltage 
of the shunt regulator IC1 becomes constant, i.e., the 
output voltage Vo becomes constant. 

Overcurrent protection will be explained below. As 
an arrangement for overcurrent protection, the circuit 
comprises the transistor Q2 and the resistor R4 con- 
nected between the base and emitter of the transistor 
02. 

As the load R1 becomes smaller, the electrical cur- 
rent on the primary side of the transformer T1 
increases, i.e., the electrical current supplied to the 
resistor R4 increases. When the voltage produced 
across the two terminals of the resistor R4 has 
exceeded Vbe of the transistor 02, it turns on the tran- 
sistor 02 and turns off the switching element Q1 . That 
is, the peak electrical current on the primary side of the 
transformer T1 is limited to a given value. 

That is, a voltage resonance power supply, which 
requires neither a detection circuit that detects zero 
drain voltage nor a gate-direction electrical current 
switching circuit that controls the gate, and switches at 
zero voltage (switches from OFF to ON in the non-reso- 
nance state) can be provided. No extra inductors are 
used, and the transformer can have a loosely coupled 
structure, i.e., an inexpensive, split-winding transformer 
with a simple structure, can be used. 

Fig. 8 shows a modification of the power supply 
device shown in Fig. 6 according to the second embod- 
iment of the present invention. 

The power supply device shown in Fig. 8 comprises 
a commercial power supply 1, a leakage transformer 
T1, a switching element Q1 comprising, e.g., a FET, a 
transistor Q2, diodes D1, D2, D3, D4, D5, D6, D7, and 
D8, a shunt regulator IC1, a photocoupler PC1, electro- 
lytic capacitors C1, C2, and C9, capacitors C3. C6, and 
C7, and resistors R1, R2, R3, R4, R10. R11, and R12. 

Since the difference from the second embodiment 
resides in the arrangement for controlling the output 
voltage and that for overcurrent protection (i.e.. this 
modification employs an arrangement using a single 
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common transistor 02 in place of the arrangement for 
using the transistor Q3 for controlling the ON-OFF tim- 
ing of the switching means and the arrangement using 
the transistor Q2 for overcurrent protection in the sec- 
ond embodiment), only the operation based on such 
arrangement will be explained below. 

The method of controlling the output voltage Vo 
across the two terminals of the load R1 to be constant 
will be explained below. The DC output voltage Vo is 
voltage-divided by the resistors R10 and R11, and is 
detected by the shunt regulator IC1 . When the output 
voltage Vo is high, the light-emitting element of the pho- 
tocoupler PC1 emits a larger amount of light, and its 
light-receiving element receives a larger amount of light, 
thus increasing the electrical current that flows in the 
photocoupler PC1 . So, a larger amount of electrical cur- 
rent is supplied to the resistor R5 to form a larger poten- 
tial difference across the two terminals of the resistor 
R5, and the voltage produced across the two terminals 
of the resistors R4 and R5 exceeds Vbe of the transistor 
Q2 earlier, so as to turn on the transistor 02 earlier, turn 
off the switching element Ql earlier, and reduce energy 
to be saved in the transformer T1 , thus lowering the out- 
put voltage Vo. 

When the output voltage Vo is low, the light-emitting 
element of the photocoupler PC1 emits a smaller 
amount of light, and its light-receiving element receives 
a smaller amount of light, thus decreasing the electrical 
current that flows in the photocoupler PC1. Conse- 
quently, a smaller amount of electrical current is sup- 
plied to the resistor R5 to form a small potential 
difference across the two terminals of the resistor R5, 
and the voltage produced across the two terminals of 
the resistors R4 and R5 exceeds Vbe of the transistor 
02 later, so as to turn on the transistor Q2 later, turn off 
the switching element Q1 later, and increase energy to 
be saved in the transformer T1, thus making the output 
voltage Vo higher. Therefore, the detection voltage of 
the shunt regulator IC1 becomes constant, i.e., the out- 
put voltage Vo becomes constant. 

Overcurrent protection will be explained below. As 
the load R1 becomes smaller, the electrical current on 
the primary side of the transformer T1 increases, the 
output voltage Vo drops, the light-emitting element of 
the photocoupler PC1 ceases to emit light, and its light- 
receiving element ceases to receive light, thus stopping 
flow of the electrical current. As a result, no electrical 
current is supplied to the resistor R5 to form zero poten- 
tial difference across the two terminals of the resistor 
R5, and the voltage produced across the two terminals 
of the resistor R4 exceeds Vbe of the transistor Q2 to 
turn on the transistor Q2, and turn off the switching ele- 
ment Q1. At this time, the energy to be saved in the 
transformer T1 is maximized to provide overcurrent pro- 
tection. As the resistor R1 decreases, the output voltage 
Vo lowers. More specifically, the output voltage can be 
controlled to a predetermined voltage without requiring 
the transistor Q3 and capacitor C8 that form a portion of 
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the self-excited oscillation circuit of the second embodi- 
ment Also, overcurrent protection can be achieved at 
the same time. 

The third embodiment of the present invention will 

5 be described below. 

The first or second embodiment described above 
has exemplified a system that transfers energy when 
the switching means is either OFF or ON. However, the 
third embodiment will exemplify a system that can trans- 

10 fer energy independently of the ON/OFF state of the 
switching means. 

Fig. 9 is a circuit diagram of a power supply device 
according to the third embodiment of the present inven- 
tion, and Fig. 10 shows the waveforms of the respective 

15 units. In Fig. 9, the power supply device comprises a 
commercial power supply 1 , a leakage transformer T1 , 
a switching element Q1 comprising, e.g., a FET, transis- 
tors Q2 and Q3, diodes D1, D2, D3, D4, D5, D6, D7, 
and D9 a shunt regulator IC1, a photocoupler PC1, 

20 electrolytic capacitors C1 and C2, capacitors C3, C6, 
C7, and C8, and resistors R1, R2, R3, R4, R9. R10, 
R11,and R12. 

Let 11 and 12 be the electrical currents that flow in 
windings of the transformer T1 in correspondence with 

25 voltages V1 and V2, L1 and L2 be the self-inductances 
of the windings, M be the mutual inductance of the two 
windings, and N be the turn ratio. Also, the coupling 
coefficient is given by K = M/V(L1 • L2) . 

The operation of the above-mentioned power sup- 

30 ply circuit will be explained below. The power supply cir- 
cuit is designed as a self-excited oscillation circuit, and 
repeats a series of states. Hence, an explanation will be 
given along with states a to e shown in Fig. 10, starting 
from state a, in which the switching operation is acti- 

35 vated. An AC voltage of the commercial power supply 1 
is rectified by the diodes D1, D2, D3, and D4, and is 
smoothed by the electrolytic capacitor C1, thus obtain- 
ing a DC voltage across the two terminals of the capac- 
itor C1. When the DC voltage has been produced 

40 across the two terminals of the electrolytic capacitor C1 , 
an electrical current flows in the resistor R3, and as a 
result, the switching element Q1 is turned on. Then, the 
primary side of the transformer T1 is driven, and outputs 
are produced in the two windings of the transformer T1 , 

45 thus activating first switching operation. 

Assuming that the voltage across the two terminals 
of the electrolytic capacitor C1 is Vin (positive) when the 
switching element Q1 is ON and the diode D5 is OFF, 
the voltage V1 becomes about -Vin, and the output volt- 

50 age V2 becomes approximately equal to a voltage Vo 
across the two terminals of the capacitor C2. Hence, the 
electrical current 11 increases at a rate of about 
(Vin - K • N • Vo)/(L1 • (1 - K 2 )) per unit time. Also, the 
electrical current 12 increases at a rate of about 

55 (K • Vin - N • Vo)/(L1 • (1 - K 2 )) per unit time. A voltage 
V3 is positive, and turns on the switching element Q1 
via the capacitor C3 and resistor R2. 

However, when the voltage V3 charges the capati- 
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tor C8 via the resistor R9 and when a voltage V4 has 
reached Vbe (base potential) of the transistor Q3, the 
transistor Q3 is turned on to turn off the switching ele- 
ment Q1 . The above-mentioned state is state a in Fig. 
10. 

When the switching element Q1 is OFF, the voltage 
V1 rises since the capacitance of the capacitor C6 res- 
onates with a leakage inductance component 
L1 • (1 - K 2 ) . The electrical current 12 flows as a reso- 
nance electrical current, and eventually becomes zero. 

At this time, the diode D5 changes from ON to OFF, 
the diode D9 changes from OFF to ON, and the voltage 
V2 changes from Vo to -Vo. The electrical current 11 
flows as a resonance electrical current. The above- 
mentioned state is state b in Rg. 10. 

When the diode D9 is ON, the voltage V2 becomes 
nearly equal to the voltage Vo across the two terminals 
of the capacitor C2. As the capacitance of the capacitor 
C6 resonates with leakage inductance component 
L1 • (1 - K 2 ) , the voltage V1 rises and then falls. The 
voltage V1 becomes a voltage -Vin, thus enabling the 
diode D7. Both the electrical currents 11 and 12 flow as 
resonance electrical currents. The above-mentioned 
state is state c in Fig. 10. 

When the rectification diode on the secondary side 
is OFF, the inductance seen from the primary side is the 
self-inductance L1 ; when the rectification diode on the 
secondary side is OFF, the inductance seen from the 
primary side is the leakage inductance component L1 (1 
- K 2 ). For example, when a loosely coupled transformer 
having a coupling coefficient K = 0.84 is used, this 
results in the use of a transformer having a relatively 
large leakage inductance component of about 0.3L1 . As 
a consequence, the voltage V1 in Fig. 10 has a voltage 
waveform that rises and falls slowly. 

When the diode D7 is enabled and the voltage V1 
becomes a voltage -Vin, the voltage V2 becomes 
approximately equal to the voltage Vo, and the electrical 
current 11 increases at a rate of about 
(Vin - K • N • Vo)/(L1 • (1 - K 2 )) per unit time. After 
that, the current value becomes positive and the diode 
D7 is turned off. The electrical current 12 increases at a 
rate of about (K • Vin + N • Vo)/(L1 • (1 - K 2 )) per unit 
time. The above-mentioned state is state d in Fig. 10. 

When the diode D7 is OFF and the switching ele- 
ment Q1 is ON, the voltage V1 is -Vin, and the voltage 
V2 becomes roughly equal to the voltage Vo. The elec- 
trical current 11 increases at a rate of about 
(Vin + K • N • Vo)/(L1 • (1 - K 2 )) per unit time. On the 
other hand, the electrical current 12 increases at a rate 
of about (K • Vin + N • Vo)/(L1 • (1 - K 2 )) per unit time. 
The current value becomes zero later on, the diode D9 
changes from ON to OFF, and the diode D5 changes 
from OFF to ON. The above-mentioned state is state e 
in Fig. 10. 

The state of the switching element Q1 from state a 
to state e will be described below. In state a, the switch- 
ing element Q1 is ON, as described above. The transis- 



tor Q3 is turned on to turn off the switching element Q1 , 
entering state b. 

In states b and c, the voltage V3 begins to fall to a 
voltage that maintains the switching element Q1 OFF. 
After that, the voltage V3 falls below a voltage equal to 
or lower than Vbe of the transistor Q3 to discharge the 
capacitor C8, turn off the transistor Q3, and maintain 
the switching element Q1 OFF. Then, the voltage V3 
rises due to resonance, and charges the capacitor C7 
via the capacitor C3 and resistor R2. However, by 
selecting the capacitor C7 to have an appropriate value, 
the switching element Q1 is maintained OFF. 

In state d (non-resonance state), the voltage of the 
capacitor C7 further rises to switch the switching ele- 
ment Q1 to ON. Note that the capacitance of the capac- 
itor C7 is selected to have an appropriate value so as to 
switch the switching element Q1 to ON (note that the 
capacitance of the capacitor C7 is also selected to have 
a value that maintains the switching element Q1 OFF in 
states b and c, as described above). 

Putting it differently, i.e., when the function of the 
capacitor C7 is examined in terms of the relationship 
between the voltages V3 and V5 (for example, the gate- 
source voltage when the switching element Q1 com- 
prises a FET as in the illustrated embodiment), the 
capacitor C7 forms a phase delay circuit together with 
the resistor R2. Hence, the phase of the voltage V5 (its 
waveform is not shown) is delayed from that of the volt- 
age V3. As a result, the voltage V3 becomes zero in 
state c (resonance state), while the voltage V5 becomes 
zero in state d (non-resonance state) (of course, the 
capacitance of the capacitor C7 is selected in advance 
to set the voltage V5 zero in the non-resonance state). 
More specifically, when the reverse bias applied across 
the gate and source of the switching element Q1 com- 
prising the FET disappears, and the voltage V5 as the 
ON condition for the FET has become zero, the switch- 
ing element Q1 is turned on. 

In state e, the switching element Q1 is maintained 

ON. 

As described above, by repeating from states a to 
e, the transformer T1 saves energy and supplies it to the 
secondary side in the ON state of the switching element 
Q1. The transformer T1 radiates energy in the OFF 
state of the switching element Q1, thus obtaining the 
output at the secondary side. 

The switching element Q1 is turned on in state d, 
and is turned off upon switching from state a to state b. 
That is. the switching element Q1 is switched at the time 
of a voltage = 0 V (it is switched from OFF to ON in the 
non-resonance state), thus providing a voltage reso- 
nance power supply free from any switching losses. 

In states b and c, appropriate resonance between 
the capacitance of the capacitor C6 and leakage induct- 
ance component L1 • (1 - K 2 ) can be obtained using a 
loosely coupled transformer. 

"me method of controlling the output voltage Vo 
across the two terminals of the load R1 to be constant 
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will be explained below. As an arrangement for voltage 
control, the circuit comprises a voltage divider formed 
by the resistors R10 and R11, the shunt regulator IC1 
for detecting the voltage divided by the voltage divider, 
and generating a voltage according to the detected volt- 
age, the photocoupler PC1 for changing the amount of 
light to be emitted by its light-emitting element accord- 
ing to the voltage generated by the shunt regulator IC1 , 
thereby changing the amount of light to be received by 
its light-receiving element, and a means (transistor Q3, 
capacitor C8, and the like) for controlling the ON-to-OFF 
switching timing of the switching element Q1 in accord- 
ance with the electrical current value changed by the 
photocoupler PC1. 

The DC output voltage Vo is voltage-divided by the 
resistors R10 and R11, and is detected by the shunt 
regulator IC1. When the output voltage Vo is high, the 
light-emitting element of the photocoupler PC1 emits a 
larger amount of light, and its light-receiving element 
receives a larger amount of light, thus increasing the 
electrical current that flows in the photocoupler PC1. 
So, the capacitor C8 is charged quicker, the switching 
element Q1 is turned off earlier, and energy to be saved 
in the transformer T1 is reduced, thus lowering the out- 
put voltage Vo. 

When the output voltage Vo is low, the light-emitting 
element of the photocoupler PC1 emits a smaller 
amount of light, and its light-receiving element receives 
a smaller amount of light, thus decreasing the electrical 
current that flows in the photocoupler PC1 . As a result, 
the capacitor C8 is charged slower, the switching ele- 
ment Q1 is turned off later, and energy to be saved in 
the transformer T1 increases, thus making the output 
voltage Vo higher. Hence, the detection voltage of the 
shunt regulator IC1 becomes constant, i.e., the output 
voltage Vo becomes constant. 

Overcurrent protection will be explained below. As 
an arrangement for overcurrent protection, the circuit 
comprises the transistor Q2 and the resistor R4 con- 
nected between the base and emitter of the transistor 
Q2. 

As the load R1 becomes smaller, the electrical cur- 
rent on the primary side of the transformer T1 
increases, i.e., the electrical current supplied to the 
resistor R4 increases. When the voltage produced 
across the two terminals of the resistor R4 has 
exceeded Vbe of the transistor Q2, the transistor Q2 is 
turned on, and the switching element Q1 is turned off. 
That is, the peak electrical current on the primary side of 
the transformer T1 is limited to a given value. 

As described above, the third embodiment can pro- 
vide a voltage resonance power supply, which requires 
neither a detection circuit that detects zero drain voltage 
nor a gate-direction electrical current switching circuit 
that controls the gate, and switches at zero voltage 
(switches from OFF to ON in the non-resonance state). 
No extra inductors are used, and the transformer can 
have a loosely coupled structure, i.e., an inexpensive, 



split-winding transformer with a simple structure, can be 
used. 

Fig. 1 1 shows the first modification of the power 
supply device shown in Fig. 9 according to the third 

s embodiment of the present invention. 

The power supply device shown in Fig. 1 1 com- 
prises a commercial power supply 1, a leakage trans- 
former T1, a switching element Q1 comprising, e.g., a 
FET, a transistor Q2, diodes D1, D2, D3, D4, D5, D6, 

10 07, D8. and D9, a shunt regulator IC1 , a photocoupler 
PC1, electrolytic capacitors C1. C2, and C9, capacitors 
C3, C6, and C7, and resistors R1, R2, R3, R4, R10, 
R11,and R12. 

Since the difference from the third embodiment lies 

is in the arrangement for controlling the output voltage and 
that for overcurrent protection (i.e., the first modification 
employs an arrangement using a single common tran- 
sistor Q2 in place of the arrangement for using the tran- 
sistor Q3 for controlling the ON-OFF timing of the 

20 switching means and the arrangement using the transis- 
tor Q2 for overcurrent protection in the third embodi- 
ment), only the operation based on such arrangement 
will be explained below. 

The method of controlling the output voltage Vo 

25 across the two terminals of the load R1 to be constant 
will be explained below. The DC output voltage Vo is 
voltage-divided by the resistors R10 and R11, and is 
detected by the shunt regulator IC1 . When the output 
voltage Vo is high, the light-emitting element of the pho- 

30 tocoupler PC1 emits a larger amount of light, and its 
light-receiving element receives a larger amount of light, 
thus increasing the electrical current that flows in the 
photocoupler PC1. Accordingly, the potential difference 
across the two terminals of the resistor R5 becomes 

35 larger, and the voltage produced across the two termi- 
nals of the resistors R4 and R5 exceeds Vbe of the tran- 
sistor 02 earlier, so as to turn on the transistor Q2 
earlier, turn off the switching element 01 earlier, and 
reduce energy to be saved in the transformer T1, thus 

40 lowering the output voltage Vo. 

When the output voltage Vo is low. the light-emitting 
element of the photocoupler PC1 emits a smaller 
amount of light, and its light-receiving element receives 
a smaller amount of light, thus decreasing the electrical 

45 current that flows in the photocoupler PC1 . As a result, 
the potential difference across the two terminals of the 
resistor R5 becomes smaller, and the voltage produced 
across the two terminals of the resistors R4 and R5 
exceeds Vbe of the transistor 02 later, so as to turn on 

so the transistor Q2 later, turn off the switching element Q1 
later, and increase energy to be saved in the trans- 
former T1 , thus making the output voltage Vo higher. 
Therefore, the detection voltage of the shunt regulator 
IC1 becomes constant, i.e., the output voltage Vo 

55 becomes constant. 

Overcurrent protection will be explained below. As 
the load R1 becomes smaller, the electrical current on 
the primary side of the transformer T1 increases, the 
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output voltage Vo drops, the light-emitting element of 
the photocoupler PC1 ceases to emit light, and its light- 
receiving element ceases to receive light, thus stopping 
flow of the electrical current. As a result, no electrical 
current is supplied to the resistor R5 to form zero poten- 
tial difference across the two terminals of the resistor 
R5, and the voltage produced across the two terminals 
of the resistor R4 exceeds Vbe of the transistor Q2 to 
turn on the transistor Q2, and turn off the switching ele- 
ment Q1 . At this time, the energy to be saved in the 
transformer T1 is maximized to provide overcurrent pro- 
tection. As the resistor R1 decreases, the output voltage 
Vo lowers. More specifically, the output voltage can be 
controlled to a predetermined voltage without requiring 
the transistor Q3 and capacitor C8 that form a portion of 
the self-excited oscillation circuit of the third embodi- 
ment. Also, overcurrent protection can be achieved at 
the same time. 

Fig. 12 shows the second modification of the power 
supply device shown in Fig. 9 according to the third 
embodiment of the present invention. 

The power supply device shown in Fig. 12 com- 
prises a commercial power supply 1, a leakage trans- 
former T1, a switching element Q1 comprising, e.g., a 
FET, transistors Q2 and Q3, diodes D1 , D2, D3, D4, D5, 
D6, D7, and D9, a shunt regulator IC1, a photocoupler 
PC1, electrolytic capacitors C1 and C2, capacitors C3, 
C6, and C8, and resistors R1, R2, R3, R4, R9, R10, 
R11,and R12. 

Since the difference from the third embodiment lies 
in the circuit arrangement for driving the switching ele- 
ment (in the second modification, the control winding 
(second output winding) for generating the voltage V3 is 
set to be appropriately coupled to both the input and 
output windings, so that the voltage V3 has nearly a 
synthesized waveform of the outputs from these wind- 
ings, in place of the phase delay means constituted by 
the resistor R2 and capacitor C7 in the third embodi- 
ment), only the operation based on the different circuit 
arrangement will be explained below. 

Hence, the state of the switching element in states 
a to e will be described below. In state a, the switching 
element Q1 is ON, as described above. The transistor 
Q3 is turned off to turn on the switching element Q1 , 
shifting to state b. 

In states b and c, the voltage V3 drops to a value 
that can maintain the switching element Q1 OFF. After 
that, the voltage V3 drops below a voltage equal to or 
lower than Vbe of the transistor Q3 to discharge the 
capacitor C8 via the resistor R9. As a result, the voltage 
V3 turns off the transistor Q3 and maintains the switch- 
ing element Q1 OFF. The voltage V3 then rises due to 
resonance, and maintains the switching element Q1 
OFF via the capacitor C3 and resistor R2. 

In state d, the winding for V3 is set to be appropri- 
ately coupled between the windings for V1 and V2, so 
that the voltage of the capacitor C3 further rises to 
switch the switching element Q1 to ON at a timing 



between the voltage waveforms V1 and V2. For this rea- 
son, the switching element Q1 is switched from OFF to 
ON in state d (non-resonance state). 

In state e, the switching element 01 is maintained 

s ON. 

As described above, by repeating from states a to 
e, energy is saved in the transformer T1 in the ON state 
of the switching element Q1, and is radiated therefrom 
in the OFF state of the switching element Q1, thus 

w obtaining an output at the secondary side. That is, a 
voltage resonance power supply which can control drive 
of the gate of the switching element Q1 more stably and 
can attain zero voltage switching (can switch the switch- 
ing means from OFF to ON in the non-resonance state) 

is without requiring a capacitor can be provided. 

Fig. 13 shows the third modification of the power 
supply device shown in Fig. 9 according to the third 
embodiment of the present invention. 

The power supply device shown in Fig. 13 com- 

20 prises a commercial power supply 1 , a leakage trans- 
former T1, a switching element Q1 comprising, e.g., a 
FET, a transistor Q2, diodes D1, D2, D3, D4, D5, D6, 
D7, D8, and D9, a shunt regulator IC1 , a photocoupler 
PC1, electrolytic capacitors C1, C2, and C9, capacitors 

25 C3 and C6, and resistors R1, R2, R3, R4, R10, R11, 
and R12. 

Since the difference from the second modification 
lies in the arrangement for controlling the output voltage 
and that for overcurrent protection (that is, the third 

30 modification employs an arrangement using a single 
common transistor Q2 in place of the arrangement for 
using the transistor Q3 for controlling the ON-OFF tim- 
ing of the switching means and the arrangement using 
the transistor 02 for overcurrent protection in the sec- 

35 ond modification), only the operation based on such 
arrangement will be explained below. 

The method of controlling the output voltage Vo 
across the two terminals of the load R1 to be constant 
will be explained below. The DC output voltage Vo is 

40 voltage-divided by the resistors R10 and R11, and is 
detected by the shunt regulator IC1. When the output 
voltage Vo is high, the light-emitting element of the pho- 
tocoupler PC1 emits a larger amount of light, and its 
light-receiving element receives a larger amount of light, 

45 thus increasing the electrical current that flows in the 
photocoupler PC1. Consequently, the potential differ- 
ence across the two terminals of the resistor R5 
becomes larger, and the voltage produced across the 
two terminals of the resistors R4 and R5 exceeds Vbe of 

so the transistor Q2 earlier, so as to turn on the transistor 
Q2 earlier, turn off the switching element Q1 earlier, and 
reduce energy to be saved in the transformer T1, thus 
lowering the output voltage Vo. 

When the output voltage Vo is low, the light-emitting 

55 element of the photocoupler PC1 emits a smaller 
amount of light, and its light-receiving element receives 
a smaller amount of light, thus decreasing the electrical 
current that flows in the photocoupler PC1. As a result. 
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the potential difference across the two terminals of the 
resistor R5 becomes smaller, and the voltage produced 
across the two terminals of the resistors R4 and R5 
exceeds Vbe of the transistor Q2 later, so as to turn on 
the transistor Q2 later, turn off the switching element Q1 
later, and increase energy to be saved in the trans- 
former T1, thus making the output voltage Vo higher. 
Therefore, the detection voltage of the shunt regulator 
IC1 becomes constant, i.e., the output voltage Vo 
becomes constant. 

Overcurrent protection will be explained below. As 
the load R1 becomes smaller, the electrical current on 
the primary side of the transformer T1 increases, the 
output voltage Vo is going to lower, the light-emitting 
element of the photocoupler PC1 ceases to emit light, 
and its light-receiving element ceases to receive light, 
thus stopping flow of the electrical current. Hence, no 
electrical current is supplied to the resistor R5 to form 
zero potential difference across the two terminals of the 
resistor R5, and the voltage produced across the two 
terminals of the resistor R4 exceeds Vbe of the transis- 
tor Q2 to turn on the transistor Q2, and turn off the 
switching element Q1. At this time, the energy to be 
saved in the transformer T1 is maximized to provide 
overcurrent protection. As the resistor R1 decreases, 
the output voltage Vo lowers. More specifically, the out- 
put voltage can be controlled to a predetermined volt- 
age without requiring the transistor and capacitor that 
form a portion of the serf-excited oscillation circuit of the 
second modification. Also, overcurrent protection can 
be achieved at the same time. 

As described in detail above, according to the 
present invention, a power supply device in which a 
switching means for controlling power supply to the 
input winding of a transformer is connected to a reso- 
nance capacitor connected to the input winding of the 
transformer so as to obtain a predetermined DC voltage 
at an output capacitor connected to the output winding 
of the transformer in accordance with the switching 
operation of the switching means, comprises a leakage 
transformer as the transformer, and a control means for 
controlling the switching operation of the switching 
means. The control means is controlled by the output 
voftage from the second output winding of the trans- 
former, and has a means for producing resonance 
between the resonance capacitor and a leakage induct- 
ance between the input winding and first output winding 
of the leakage transformer upon switching operation of 
the switching means. The control means delays the rise 
timing of the terminal voltage of the switching means 
using that means to reduce losses upon switching oper- 
ation of the switching means, thus improving efficiency 
and realizing a low-noise power supply. 

Also, a voltage resonance power supply, which 
requires neither a detection circuit that detects zero 
drain voltage nor a gate-direction electrical current 
switching circuit that controls the gate, and switches at 
zero voltage (switches from OFF to ON in the non-reso- 



nance state), can be realized. No extra inductors are 
used, and the transformer can have a loosely coupled 
structure, i.e., an inexpensive, split-winding transformer 
with a simple structure, can be used. Furthermore, driv- 
5 ing of the gate can be controlled more stably without 
requiring a capacitor, and the output voltage can be 
controlled to a predetermined voltage without requiring 
a transistor and capacitor that form a portion of a serf- 
excited oscillation circuit. 

10 

Claims 

1. A power supply device in which switching means 
(Q1) for controlling power supply to an input wind- 

15 ing of a transformer (T1) is connected to a reso- 
nance capacitor (C6) connected to said input 
winding of said transformer, and a predetermined 
DC voltage is obtained at an output capacitor (C2) 
connected to an output winding of said transformer 

20 in accordance with switching operation of said 
switching means. 

characterized in that said device comprises 
a leakage transformer (T1) as said transformer, and 
control means (Q2, Q3, R9, C8, C7, R2, C3) for 

25 controlling the switching operation of said switching 
means, and said control means is controlled by an 
output voltage of a second output winding of said 
transformer, comprises means (T1 , C6) for produc- 
ing a resonance state between said resonance 

30 capacitor and a leakage inductance between said 
input winding and first output winding of said leak- 
age transformer, and delays a rise timing of a termi- 
nal voltage of said switching means using said 
means to reduce losses upon switching operation 

35 of said switching means. 

2. A power supply device according to claim 1. char- 
acterized in that said control means comprises 
drive means (C3, R2) for driving said switching 

40 means, and said switching means is controlled by 
an output voltage from said second output winding 
of said transformer supplied via said drive means. 

3. A device according to claim 2, characterized in that 
45 said control means disables said switching means 

by driving a transistor (Q3) via a CR charging/dis- 
charging circuit (R9, C8) using a voltage from said 
second output winding of said transformer, and 
comprises phase delay means (R2. C7) for driving 
so said switching means via said drive means using 
the voltage from said second output winding of said 
transformer, and delaying a phase of the switching 
operation of said switching means. 

55 4. A device according to claim 2, characterized in that 
said control means disables said switching means 
by driving a transistor (Q3) via a CR charging/dis- 
charging circuit (R9, C8) using a voltage from said 



13 



25 



EP0 883 231 A2 



26 



second output winding of said transformer, drives 
said switching means via said drive means using 
the voltage from said second output winding of said 
transformer, and couples said second output wind- 
ing of said transformer between said input winding 5 
and said first output winding. 

5. A device according to claim 2, characterized by fur- 
ther comprising: 

10 

voltage generation means (D5, C2) for generat- 
ing a voltage in accordance with the output volt- 
age from said first output winding of said 
transformer; and 

voltage detection means (R10, R11, PC1) for 15 
detecting the output voltage from said first out- 
put winding of said transformer, and generating 
a signal in accordance with the detected output 
voltage, and in that 

said voltage detection means sets a switching 20 
operation level of said control means in accord- 
ance with the signal generated by said voltage 
detection means. 



age is obtained at said output capacitor. 

9. A device according to claim 2, characterized in that 
the switching operation of said switching means is 
an ON-OFF operation, and when said switching 
means is ON, the predetermined voltage is 
obtained at said output capacitor. 

10. A device according to claim 2, characterized in that 
the switching operation of said switching means is 
an ON-OFF operation, and the predetermined volt- 
age is obtained at said output capacitor independ- 
ently of an ON or OFF state of said switching 
means. 



6. A device according to claim 5, characterized in that 25 
said control means comprises current detection 
means (02) for detecting a current of said switching 
means, and disabling said switching means when 
said means detects that the detected current has 
reached a predetermined current value, means 30 
(02, PC1, R4, R5) for controlling using a combina- 
tion of said current detection means and control by 
detecting the voltage, and phase delay means (R2, 
C7) for driving said switching means via said drive 
means using a voltage from said second output 35 
winding of said transformer, and delaying a phase 

of the switching operation of said switching means. 

7. A device according to claim 5, characterized in that 
said control means comprises current detection 40 
means (02) for detecting a current of said switching 
means, and disabling said switching means when 
said means detects that the detected current has 
reached a predetermined current value, and means 
(Q2, PC1 , R4, R5) for controlling using a combina- 45 
tion of said current detection means and control by 
detecting the voltage, and said control means 
drives said switching means via said drive means 
using a voltage from said second output winding of 
said transformer, and couples said second output 50 
winding of said transformer between said input 
winding and first output winding. 



8. A device according to claim 2, characterized in that 
the switching operation of said switching means is 55 
an ON-OFF operation, and when said switching 
means is OFF, said means for producing the reso- 
nance state operates, and the predetermined volt- 
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